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FUEL RAIL AND FUEL INJECTION
APPARATUS USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on Japanese Patent Application
No. 2011-209501 filed on Sep. 26, 2011, the disclosure of
which is incorporated herein by reference.

1. Technical Field

The present disclosure relates to a fuel rail and a fuel
injection apparatus using the same.

2. Background

Conventionally, it is known that a fuel rail distributes fuel
to a plurality of fuel injectors which inject fuel to combustion
chambers of an internal combustion engine. For example,
US-2010/0275883 A1 discloses that a fuel rail is provided in
a side direction of a cylinder head of an internal combustion
engine. In the internal combustion engine, a first end portion
of each fuel injector is inserted into a bore, which is formed
obliquely in a cylinder head, and a second end portion of each
fuel injector is connected with a connecting portion of the fuel
rail. The fuel is injected into the combustion chambers from
the fuel injectors which are provided obliquely upward rela-
tive to the combustion chambers. This internal combustion
engine is referred to as a side-injection engine. In this side-
injection engine, an axial length ofthe bore is relatively short.
Therefore, in the fuel rail according to US-2010/0275883A1,
alength of the connecting portions of the fuel rail is relatively
short. The connecting portion is tubular shaped and projects
from the rail body of'the fuel rail in a vertical direction relative
to an axial direction of the rail body. Besides, a plurality of the
connecting portions is provided in a predetermined interval
along the axial direction of the rail body.

In addition to the side-injection engine, there is a center-
injection engine. In the center-injection engine, a fuel injector
is provided at a center of a top of the combustion chambers,
and fuel is injected into the combustion chambers vertically.
In this case, the bore, which the fuel injector is inserted into,
is formed to extend in a vertical direction ofthe cylinder head.
Usually, since the vertical direction size of the cylinder head
of the center-injection engine is large, an axial length of the
bore, which the fuel injector is inserted into, is formed long.
Thus, when the fuel rail according to US-2010/0275883 A1 is
provided in the center-injection engine, the connecting por-
tion is necessary to be formed long in its axial direction.

However, in a case where the fuel rail is provided in a
center-injection engine in such a manner that a connecting
portion is formed long, when an ignition plug is provided
between the bores formed in an axial direction of the fuel rail
(front-back direction), it is likely that the ignition plug and the
rail body interfere with each other. When the ignition plug and
the rail body interfere with each other, the rail body can not be
arranged at an extremely near position to the cylinder head.
Thus, a part of the fuel rail (the rail body) is arranged far away
from the cylinder head.

On the other hand, when the rail body is arranged at an
extremely near position to the cylinder head, the ignition plug
can be arranged in the vertical direction relative to the axial
direction of the rail body (left-right direction). However,
when ignition plugs are arranged in left-right direction of the
rail body, the size of the cylinder head in left-right direction
may increase.

SUMMARY

It is an object of the present disclosure to provide a fuel rail
and a fuel injection apparatus using the same in order to
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2

restrict an interference with other members, which are
arranged in an internal combustion engine.

In the present disclosure, a fuel rail is mounted on an
internal combustion engine along with a plurality of fuel
injectors injecting a fuel into combustion chambers of the
internal combustion engine and distributes the fuel towards
the fuel injectors from a fuel supply source. The fuel rail
includes a rail body, protrusion portions, an extension por-
tion, and a connecting portion. The rail body, which is tubular
shaped, has an inlet for introducing the fuel therein from the
fuel supply source. A plurality of tubular protrusion portions
project from the rail body in a substantially vertical direction
relative to the axial direction ofthe rail body, and are arranged
at a predetermined interval in the axial direction of the rail
body. The tubular extension portion extends from each of the
protrusion portions in a substantially vertical direction rela-
tive to both an axial direction of the protrusion portions and
the axial direction of the rail body. The tubular extension
portion is inserted into a bore which extend from an exterior
of'the internal combustion engine to the combustion chamber.
The connecting portion is formed on an end portion of each
extension portion opposite to the protrusion portion. The
connecting portion is fluidly connected with each of the fuel
injectors inserted in the bore.

In the present disclosure, since the extension portions are
connected with the fuel body through the protrusion portions,
when the fuel rail is mounted on the internal combustion
engine, the rail body is arranged at a position offset by a
distance, which corresponds to the length of each protrusion
portion from each bore in a plane direction. Thus, a predeter-
mined size of spaces can be ensured between pluralities of
protrusion portions. Thus, it is possible to restrict an interfer-
ence of the rail body and other members even though the other
members, such as ignition plugs, are provided in front-back
direction of the internal combustion engine. Since it is pos-
sible to restrict an interference of the rail body and other
members, it is possible to avoid that a part of the fuel rail
projects far away from the cylinder head.

In addition, since it is possible to arrange the ignition plugs
between the bores formed in front-back direction of the inter-
nal combustion engine, the size of left-right direction of the
internal combustion engine can be decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 is a construction diagram showing an outline of a
fuel injection apparatus according to an embodiment;

FIG. 2A is a construction diagram showing an outline of
fuel injection apparatus viewed from a direction of an arrow
1IA of FIG. 1,

FIG. 2B is a construction diagram showing an outline of
fuel injection apparatus viewed from a direction of an arrow
1IB of FIG. 1,

FIG. 3 is a construction diagram showing an outline of a
fuel injection apparatus viewed from a direction of an arrow
I of FIG. 1,

FIG. 4A is a construction diagram showing details of a fuel
rail according to the embodiment;

FIG. 4B is a construction diagram showing details of a wire
harness according to the embodiment;

FIG. 4C is a construction diagram showing details of a fuel
injector according to the embodiment;
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FIG. 5A is construction diagram showing an outline of a
fuel injection apparatus which mounted on an internal com-
bustion engine according to the embodiment; and

FIG. 5B is a construction diagram showing an outline of a
fuel injection apparatus viewed from an arrow B of FIG. 5B.

DETAILED DESCRIPTION

Hereafter, embodiments of the present disclosure will be
described. The same members and components as those in
each embodiment are indicated with the same reference
numerals and the same descriptions will note be reiterated.

Embodiment

A fuel rail and a fuel injection apparatus using the same are
shown in FIGS. 1 to 5, according to the present embodiment.

In FIGS. 1to 4, a fuel injection apparatus 10 includes a fuel
rail 20, four fuel injectors 50 and four wire harnesses 70.

In FIGS. 5A and 5B, the fuel rail 20 is mounted on an
internal combustion engine (engine 1) along with the fuel
injectors 50 which inject fuel into combustion chambers 2 of
engine 1. The fuel rail 20 distributes fuel from a fuel supply
source 11 to each of the fuel injectors 50.

Hereafter, for convenience, a vertical direction of FIG. 5A
represents an up-down direction of the engine 1, a vertical
direction of FIG. 5B represents a left-right direction of the
engine 1, and a horizontal direction of FIG. 5B represents a
front-back direction of the engine 1.

The fuel injectors 50 are electromagnetic direct-injecting
injectors which inject high pressured fuel directly into the
combustion chambers 2 of the engine 1. The engine 1, which
receives the fuel injectors 50, is a four-cylinder gasoline
engine. Thus, the engine 1 has four combustion chambers 2.
In a cylinder head 3 of the engine 1, four bores 4 are respec-
tively formed corresponding to four combustion chambers 2.
The fuel injectors 50 are inserted into the bores 4 in order to
be mounted on the engine 1. The bores 4 extend relatively
long along the axial direction of the combustion chambers
which is formed also in a up-down direction of the engine 1
(the cylinder head 3). The bores 4 are formed to connect an
exterior of the engine 1 with the combustion chambers 2.

The depth of each bore 4 is greater than the whole axial
length of each fuel injector 50. Thus, when the fuel injectors
50 are attached in the bores 4, the whole body of each fuel
injector 50 is inserted in each bore 4. The fuel injectors 50
inject fuel from the vertical top of the combustion chambers 2
towards inside of the combustion chambers 2. That is, the
engine 1 is a center-injection engine.

In FIGS. 5A and 5B, each of the bores 4 is aligned with
each other along the front-back direction of the engine 1.
Three oblique-bores 5 are formed between the bores 4, and
one oblique-bore 5 is formed near the bore 4 which is at either
end of the line of the four bores 4. The oblique-bores 5 are
formed to connect the exterior of the engine 1 and the com-
bustion chambers 2, and each oblique-bore 5 is formed to be
oblique relative to the bore 4. Ignition plugs 6 are inserted in
the oblique-bores 5. When the ignition plugs 6 are attached in
the oblique-bores 5, a first end portion of each ignition plug 6
(ignition portion) projects towards a combustion chamber 2,
and a second end portion of the ignition plug 6 projects
towards outer space of the top of the cylinder head 3.

In FIGS. 1 to 4, the fuel rail 20 includes a rail body 21,
protrusion portions 24, extension portions 25, and connecting
portions 28.

The rail body 21 is formed as a hollow tubular body by
metal. Both end portions of the rail body 21 are closed. A
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tubular fuel supply connecting portion 22 is formed on outer
wall of an end portion of the rail body 21. The fuel supply
connecting portion 22 has an inlet 23 which connects an inner
wall of the rail body 21 with an outer wall of the rail body 21.
According to FIG. 5A, a fuel supply pipe 12, which extends
from a fuel supply source 11, is connected with the fuel
supply connecting portion 22. Thus, the fuel is introduced
from the fuel supply source 11 into the rail body 21 through
the fuel supply pipe 12, the fuel supply connecting portion 22
and the inlet 23.

Each of the protrusion portions 24 is tubular shaped and
projects from the rail body 21 in a substantially vertical direc-
tion relative to an axis Ax1 of the rail body 21. According to
the present embodiment, four protrusion portions 24 are pro-
vided multiply at a predetermined interval in the axis Ax1
direction of the rail body 21. Besides, in each of the protrusion
portions 24, a passage is formed to connect inner wall of the
rail body 21 with outer of the rail body 21, so that an interior
of the protrusion portions 24 communicates with an interior
of'the rail body 21.

Each extension portion 25 is tubular shaped and projects
from an end portion of a protrusion portion 24 opposite to the
rail body 21 in a substantially vertical direction relative to
both the axis Ax2 direction of the protrusion portion 24 and
the axis Ax1 direction of the rail body 21. An interior of the
extension portion 25 communicates with an interior of the
protrusion portion 24.

Each connecting portion 28 is formed on an end portion of
the extension portion 25 opposite to the protrusion portion 24.

According to the present embodiment, a pressure detection
portion 13 is provided in the rail body 21. The pressure
detection portion 13 has a pressure sensor (not shown) which
is exposed to inner space of the rail body 21. Thus, the
pressure detection portion 13 can detect the pressure inside of
the rail body 21. An electronic signal indicative of the pres-
sure inside of the rail body 21, which is detected by the
pressure sensor, is transmitted to an electronic control unit
(ECU) 15 through a connector 14.

The ECU 15 has a microcomputer including a CPU, a
ROM and a RAM. According to signals from various sensors
mounted on a vehicle, the ECU 15 controls the vehicle by
controlling various kinds of equipments and apparatuses
mounted on a vehicle.

In FIG. 4C, each fuel injector 50 includes a housing 51, a
valve member 53, an electromagnetic drive portion 54; and an
electronic connector 55.

The housing 51 is formed as a tubular body with a bottom
by metal. An injection port 52 is formed on the bottom of the
housing 51. A fuel introductory portion is formed on an end
portion of the housing 51 opposite to the injection port 52.
Fuel is introduced into the housing 51 through the fuel intro-
ductory portion. The valve member 53 is formed as a stick and
is provided inside of the housing 51. The valve member 53
reciprocates in the housing 51 to open or close the injection
port 52. The electromagnetic drive portion 54 includes a
needle, a stator, and a coil, which are not shown. The needle
is provided integrally with the valve member 53 on an end
portion of the valve member 53 opposite to the injection port
52. The stator is provided inside the housing 51 on the side of
the needle opposite to the valve member 53. The coil is
provided radially outwardly from the needle and the stator.
Besides, an urging member is provided between the needle
and the stator in such a manner as to urge the needle and the
valve member 53 toward the injection port 52.

The electronic connector 55 is formed as a tubular body by
resin, and has a terminal inside. The terminal is electrically
connected with the coil of the electromagnetic drive portion
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54. When electrical power is supplied to the coil through the
terminal of the electronic connector 55, a magnetic field is
generated around the coil. Thus, magnetic circuits are formed
between the needle and the stator, and a magnetic attractive
force is generated between the needle and the stator. Thus, the
needle and the valve member 53 are both attracted toward the
stator. As a result, the valve member 53 opens. On the other
hand, when the coil is deenergized, the magnetic attractive
force between the needle and the stator disappears. The
needle and the valve member 3 are urged toward the injection
port 52 by the urging force of the urging member. As a result,
the valve member 53 closes. As the description above, the
valve member 53 can be controlled by controlling the elec-
trical power which is supplied to the electromagnetic drive
portion 54.

As shown in FIG. 4B, each wire harness 70 includes a first
connector 71, a second connector 75, and a lead wire 76.

The first connector 71 is formed as a tubular body by resin,
and has a terminal inside thereof. The second connector 75 is
formed as a tubular body by resin, and has a terminal inside
thereof. The lead wire 76 is electronically connected with
both the terminal of the first connector 71 and the terminal of
the second connector 75.

Furthermore, the wire harness 70 includes a protection tube
77, which is formed by elastic material, for covering the lead
wire 76. Besides, the first connector 71 includes a joint 72.
The joint 72 includes a first pin 73 and a second pin 74.

As shown in FIGS. 1 and 3, each fuel injector 50 is con-
nected with a connecting portion 28 in such a manner that the
end portion of the housing 51 (fuel introductory portion) is
inserted into the connecting portion 28 of the fuel rail 20. A
seal member 56 is provided on outer wall of the fuel injection
member. Thus, it is fluid-tightly sealed between the outer wall
of the housing 51 and the connecting portion 28.

Furthermore, a pipe collar 26 is formed as a ring, which
extends from outer wall of the connecting portion 28. The fuel
injector 50 includes a clip 60, which is provided in the end
portion of the housing 51 opposite to the injection port 52.
The clip 60 formed by metal includes a rotation-prevention
portion 61 and an elastic deformation portion 62.

When the fuel injector 50 is connected with the connecting
portion 28, the rotation-prevention portion 61 of the clip 60 is
engaged with a groove portion 27 which is formed on the pipe
collar 26. Thus, it is restricted that the fuel injector 50 rotates
about the axis thereof. Besides, when the fuel injector 50 is
connected with the connecting portion 28, the electronic con-
nector 55 is placed close to the rail body 21 with respect to the
axis Ax3 of the extension portion 25.

The wire harness 70 is connected with the electronic con-
nector 55 in such a manner that the second connector 75 is
inserted inside the electronic connector 55 of the fuel injector
50. Thus, the terminal of the second connector 75 is electroni-
cally connected with the terminal of the electronic connector
55.

The fuel rail 20 also includes a bracket 30, which is pro-
vided on the protrusion portion 24. The bracket 30 is fixed on
the protrusion portion 24 at opposite side of the rail body 21.
The bracket 30 includes a tabular attachment portion 31,
which is perpendicular to the axis Ax1 of the rail body 21. A
first opening 32 and a second opening 33, which penetrate the
attachment portion 31 in through-thickness direction, are
both formed in the attachment portion 31. As shown in FIG. 3,
the first opening 32 is formed nearer to the axis Ax3 of the
extension portion 25 than the second opening 33.

The first connector 71 of the wire harness 70 is mounted on
the bracket 30 in such manner that the first pin 73 of the joint
72 is fit on the first opening 32 of the bracket 30 and the
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second pin 74 is inserted into the second opening 33. Outer
wall of the first in 73 includes a plurality of circular protru-
sions which have inclined planes towards an end portion of
the first pin 73. Thus, the first pin 73 is easy to fit on the first
opening 32, but is difficult to slip out of the first opening 32.

The first connector 71 is inclined toward the rail body 21
when the first connector 71 is mounted on the bracket 30. The
first connector 71 is provided in such a manner that the axis
Ax4 is inclined to the axis Ax3 of the extension portion 25, as
shown in FIG. 3. The connector 14 of the pressure detection
portion 13 is also provided in such a manner that the axis of
the connector 14 is inclined to the axis Ax3 of the extension
portion 25.

As shown in FIGS. 1 to 3, the fuel rail 20 also includes a
fixation portion 40 which is provided in an end portion of the
extension portion 25 of the protrusion portion 24. The fixation
portion 40 is integrally formed with the protrusion portion 24
in such a manner that the fixation portion 40 projects in a
parallel direction of the axis Ax2 of the rail body 21 from the
end portion of the extension portion 25 of the protrusion
portion 24. A bolt hole 41, which penetrates the fixation
portion 40 in a parallel direction of axis Ax3 of the extension
portion 25, is formed on the fixation portion 40.

As shown in FIG. 5, the fixation portions 40 are fixed on the
cylinder head 3 in such a manner that the fixation portions 40
are screwed together with the cylinder head 3 by penetrating
bolts 7 through the bolt holes 41. Thus, the fuel injection
apparatus 10, which includes the fuel rail 20, is mounted on
the cylinder head 3. When the fuel injection apparatus 10 is
mounted on the cylinder head 3, a vertical force is applied
downwards to the elastic deformation portions 62 of the clips
60 of the fuel injectors 50 from the pipe collars 26 of the
extension portions 25. Thus, the housings 51 of the fuel
injectors 50 are pressed to stepped surfaces of the bores 4. As
a result, the positions of the fuel injectors 50 are stable in the
bores 4.

Inthe present embodiment, since the extension portions 25
are connected with the rail body 21 through the protrusion
portions 24, when the fuel rail 20 (the fuel injection apparatus
10) is mounted on the cylinder head 3, the rail body 21 is
arranged at a position offset by a distance, which corresponds
to the length of each protrusion portion 24 from each bore 4 in
a plane direction. Thus, a predetermined size of spaces S can
be ensured between pluralities of protrusion portions 24.
Thus, in the present embodiment, the fuel rail 20 does not
interfere with the ignition plugs 6.

An end portion of the power harness which is connected
with the electronic power source 16, is connected with the
first connector 71 of the wire harness 70. The ECU 15, which
is provided between the electronic power source 16 and the
power harness 17, controls electronic force which is supplied
from the electronic power source 16 to the fuel injector 50
through the power harness 17. Thus, the ECU 15 can control
fuel injection from the fuel injector 50.

Besides, the ECU 15, which is connected with each igni-
tion plug 6 through another power harness, controls elec-
tronic power which is supplied to the ignition plug 6. Thus,
the ECU 15 can control the fuel ignition by the ignition plug
6. It should be noted that the power harness, which is con-
nected with the ECU 15 and the ignition plug 6, is not shown
in FIG. 5A in order to avoid the complexity of the diagram.

Next, operations of the fuel injection apparatus 10 and
other apparatuses will be described.

When fuel is discharged from the fuel supply source 11, the
fuel flows inside the rail body 21 through the fuel supply pipe
12 and the inlet 23. The fuel, which flows inside of the rail
body 21, is distributed to four fuel injectors 50 independently
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through a plurality of the protrusion portions 24 and the
extension portions 25 and is introduced into each housing 51
from the fuel introductory portion of each fuel injector 50.
Thus, the housings 51 are filled with fuel.

Ina case where the housings 51 are filed with fuel, when the
ECU 15 supplies electronic power to the electromagnetic
drive portion 54 of the fuel injector 50, the valve member 53
opens and fuel is injected into the combustion chamber 2 from
the injection port 52. After that, when the ECU 15 terminates
to supply electronic power to the electromagnetic drive por-
tion 54, the valve member 53 closes and fuel injection from
the injection port 52 is terminated.

When the ECU 15 supplies electronic power to the ignition
plug 6, ignition portion of the ignition plug 6 generates sparks
and fuel is ignited.

The operation of the engine 1 continues by repeating above
actions of the fuel injector 50 and the ignition plug 6.

As the description above, in the present embodiment, the
fuel rail 20 is mounted on the engine 1 in such a manner that
the fuel rail 20 is connected with a plurality of the fuel injec-
tors 50, which are provided on the center of the top of the
combustion chambers 2 of the engine 1. That is, the engine 1,
which the fuel rail is mounted on, is a center-injection internal
combustion engine. Thus, the bores 4, which receive the fuel
injectors 50, are formed relatively deeply. In the present
embodiment, since the fuel rail 20 has extension portions 25,
the fuel inside of the rail body 21 can be introduced through
the extension portions 25 into deep positions of the bores 4,
that is, the fuel can be distributed to the fuel injectors 50
which are provided near the combustion chambers 2.

In the present embodiment, since the extension portions 25
are connected with the rail body 21 through the protrusion
portions 24, when the fuel rail 20 is mounted on the engine 1,
the rail body 21 is arranged at a position offset by a distance,
which corresponds to the length of each protrusion portion 24
from each bore 4 in a plane direction. Thus, a predetermined
size of spaces S can be ensured between pluralities of protru-
sion portions 24. Thus, it is possible to restrict an interference
of the rail body 21 and other members even though the other
members, such as ignition plugs, are provided in front-back
direction of the engine 1. Since it is possible to restrict at
interference of the rail body 21 and other members, it is
possible to avoid that a part of the fuel rail 20 projects far away
from the cylinder head 3 of the engine 1.

In addition, since it is possible to arrange the ignition plugs
6 between the bores 4 formed in front-back direction of the
engine 1, the size of left-right direction of the engine 1 can be
decreased.

In the present embodiment, the fuel injection apparatus 10
includes the fuel rail 20, the fuel injector 50 and the wire
harness 70. The fuel injector 50 includes the housing 51,
which includes the injection port 62, the valve member 53,
which opens or closes the injection port 52 by reciprocating
inside the housing 51, the electromagnetic drive portion 54,
which drives the valve member 53, and the electronic con-
nector 55, which is connected with the electromagnetic drive
portion 54. Besides, the housing 51 is connected with the
connecting portion 28 of the fuel rail 20 and the fuel injector
50 is inserted in the bore 4 of the engine 1. The wire harness
70 includes the first connector 71, which is connected with the
end portion of the power harness 17 connecting to the elec-
tronic power source 16, the second connector 75, which is
connected with the electronic connector of the fuel injector
50, and the lead wire 76, which is connected with the first
connector 71 and the second connector 75. The fuel injection
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apparatus 10 includes the fuel rail 20 above. Thus, it is pos-
sible to restrict an interference of the fuel rail 20 and other
member.

Inthe present embodiment, the wire harness 70 is provided
in such a manner that the first connector 71 is placed opposite
to the protrusion portion 24 with respect to the rail body 21.
Thus, it is possible to restrict an interference of the first
connector 71 and other member when and after the fuel injec-
tion apparatus 10 is mounted on the engine 1, even if the
ignition plugs 6 and the like are attached between the bores 4
of'the engine 1.

In the present embodiment, the bracket 30 is provided on
the opposite side to the rail body 21 with respect to the
protrusion portion 24 of the fuel rail 20. The wire harness 70
is provided in such a manner that the first connector 71 can be
mounted on the bracket 30. Thus, when the engine 1 is oper-
ating, it can be restricted that a relative position of the first
connector 71 changes relative to the fuel rail 20. Thus, it can
maintain a sufficient connecting condition between the first
connector 71 and the power harness 17. Thus, electronic
power can be stably supplied to the electromagnetic drive
portion 54 of the fuel injector 50.

In first connector 71 is mounted the bracket 30, the engine
1 is operating, it can be restricted that a relative position of the
first connector 71 changes relative to the second connector 75,
which is connected with the electronic connector 55 of the
fuel injector 50. Thus, it can be restricted that a repeated stress
generates on the lead wire 76, which is connected with the
first connector 71 and the second connector 75. Thus, dam-
ages of the lead wire 76 can be restricted.

In the present embodiment, the first connector 1 includes
the joint 72, which can fit in the bracket 30. Thus, the first
connector 71 can be mounted on the bracket 30. Thus, it is
easy to attach the first connector 71 to the bracket 30, or to
remove the first connector 71 from the bracket 30.

In the present embodiment, the fuel injector 50 is provided
in such a manner that the electronic connector 55 is placed on
the side of the rail body 21 relative to the axis Ax3 of the
extension portion 25 ofthe fuel rail 20. Thus, a predetermined
size of spaces can be ensured between pluralities of extension
portions 25 in a parallel direction of the axis Ax1 of the rail
body 21. Thus, it is easy to arrange other members such as the
ignition plugs 6, between pluralities of extension portions 25.

Inthe present embodiment, the wire harness 70 is provided
in such a manner that the first connector 71 is placed on the
opposite side to the rail body 21 with respect to the protrusion
portion 24, and the fuel injector 50 is provided in such a
manner that the electronic connector 55 is placed on the side
of the rail body 21 relative to the axis Ax3 of the extension
portion 25 of the fuel rail 20. Thus, the first and second
connectors 71, 75 are placed on a symmetrical position with
respect to the axis of the extension portion 25. Thus, the lead
wire 76, which is connected with the first connector 71 and
the second connector 75, is deformed to twist and can be in
contact with or be slidable on the extension portion 25. Fur-
ther, the wire harness 70 includes the protection tube 77 for
covering the lead wire 76, which is formed by elastic material.
Thus, the protection tube 77 can protect the lead wire 76 from
being damaged by connecting or sliding with the extension
portion 25.

In the present embodiment, the first connector 71, which is
formed as atubular body, is provided in such a manner that the
axis Ax4 is oblique to the axis Ax3 of the extension portion
25. Since the first connector 71 is provided on the opposite
side to the rail body 21 with respect to the extension portion
24 of the fuel rail 20, the end portion of the power harness 17
of the first connector 71 is oblique toward the rail body 21.
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Thus, the power harness 17, which is connected with the first
connector 71, can be easily handled.

In the present embodiment, the fixation portion 40, which
is integrally formed with the protrusion portion 24, is fixed on
the engine 1. Thus, when the fuel rail 20 is mounted on the
engine 1, the position of the extension portion 25 relative to
the engine 1 is stable. Thus, it can maintain a sufficient con-
necting condition between the connecting portion 28 and the
fuel injector 50, and it also can restrict a fuel leak from the
connecting portion 28 and damages due to a conflict between
the engine (the cylinder head 3) and the end portion of the fuel
injector 50.

Other Embodiments

In another embodiment according to the present disclo-
sure, a wire harness may be provided in such a manner that a
first connector is placed at a position which is other than a
position opposite to the rail body with respect to the extension
portion.

In another embodiment according to the present disclo-
sure, a fuel rail may not have a bracket. In this case, a first
connector of a wire harness may not be fixed.

In another embodiment according to the present disclo-
sure, the first connector may not have a fixation portion,
which is fit to the bracket.

In another embodiment according to the present disclo-
sure, a fuel injector may be provided in such a manner that an
electronic connector is placed on the opposite side to a rail
body with respect to an axis of an extension portion. The fuel
injector also can be provided in such a manner that the elec-
tronic connector is placed on a position, which is the rail body
side or other position of the opposite side to the rail body with
respect to the axis of the extension portion. The wire harness
may not have a protection tube, which is formed by elastic
material.

In another embodiment according to the present disclo-
sure, the first connector is provided in such a manner that axis
of the first connector is parallel to the axis of the extension
portion.

In another embodiment according to the present disclo-
sure, the fixation portion, which is fixed on an internal com-
bustion engine, may be provided integrally with the extension
portion. Alternatively, the fixation may be provided integrally
with both the protrusion portion and the extension portion.
The fixation portion may be placed anywhere on the member,
which comprises the fuel rail.

In another embodiment according to the present disclo-
sure, the fuel rail may not have a pressure detection portion.
The fuel injector may not have a clip.

In another embodiment according to the present disclo-
sure, the extension portion may be formed as a curved or bent
tubular body instead of a straight tubular body. Alternatively,
the shape of the extension portion may be changed so that the
fuel injector can fit the shape of the bore, which receives the
fuel injector of an internal combustion engine.

In other embodiment according to the present disclosure,
the number of protrusion portions, extension portions and
connecting portions is not limited to four, may be provided
two, three, or five or even more in a fuel rail. That is, the
number of protrusion portions, extension portions and con-
necting portions may be changed so that this number can fit
the number of combustion chambers of an internal combus-
tion engine or the number of fuel injectors.

In the present disclosure, the fuel rail and the fuel injector
are not limited to be provided on an internal combustion
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engine of center-injection, also may be provided on an inter-
nal combustion engine of side-injection.

Furthermore, in the present disclosure, the fuel rail and the
fuel injects are not limited to be used in a gasoline engine, also
may be used in a diesel engine.

As the description above, the present disclosure is not
limited to the embodiment above, and may be modified in
various ways without departing the scope of the present dis-
closure.

What is claimed is:

1. A fuel rail mounted to an internal combustion engine
along with a plurality of fuel injectors injecting a fuel into
combustion chambers of the internal combustion engine, the
fuel rail distributing the fuel towards the fuel injectors from a
fuel supply source, the fuel rail comprising:

atubular rail body including an inlet through which the fuel
is introduced therein from the fuel supply source;

a plurality of tubular protrusion portions projecting from
the rail body in a substantially vertical direction relative
to an axial direction of the rail body, the protrusion
portions being arranged at a predetermined interval in
the axial direction of the rail body;

a tubular extension portion extending from each of the
protrusion portions in a substantially vertical direction
relative to both an axial direction of the protrusion por-
tions and the axial direction of the rail body, the tubular
extension portion being inserted into a bore which
extends from an exterior of the internal combustion
engine to the combustion chamber;

a connecting portion formed on an end portion of the exten-
sion portion opposite to the protrusion portion, the con-
necting portion being fluidly connected with each of the
fuel injectors inserted in the bore; and

a bracket provided on the protrusion portion, the bracket
being configured to have a wire harness supplying power
to the fuel injector mounted on the bracket.

2. A fuel injection apparatus, comprising:

a tubular rail body including an inlet through which a fuel
is introduced therein from a fuel supply source;

a plurality of tubular protrusion portions projecting from
the rail body in a vertical direction relative to an axial
direction of the rail body, the protrusion portions being
arranged at a predetermined interval in the axial direc-
tion of the rail body;

a tubular extension portion extending from each of the
protrusion portions in a vertical direction relative to both
an axial direction of the protrusion portions and the axial
direction of the rail body, the tubular extension portion
being inserted into a bore which extends from an exterior
of an internal combustion engine to a combustion cham-
ber;

a fuel injector, which is inserted in the bore and is con-
nected with a connecting portion, including a housing
having an injection port, a valve member configured to
reciprocate in the housing to open or close the injection
port, an electromagnetic drive portion configured to
drive the valve member, and an electronic connector
connected with the electromagnetic drive portion;

the connecting portion being formed on an end portion of
the extension portion opposite to the protrusion portion,
the connecting portion being fluidly connected with
each of the fuel injectors inserted in the bore;

a wire harness including a first connector connected with
an end portion of a power harness which is connected
with an electronic power source, a second connector
connected with the electronic connector of the fuel
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injector, and a lead wire connecting the first connector
and the second connector, and

a bracket provided on the protrusion portion, the wire har-
ness being mounted on the bracket.

3. A fuel injection apparatus according to claim 2, wherein:

the wire harness is provided in such a manner that the first
connector is placed on a side opposite to the rail body
with respect to the protrusion portion.

4. A fuel injection apparatus according to claim 3, wherein:

the wire harness is provided in such a manner that the first
connector is mounted on the bracket.

5. A fuel injection apparatus according to claim 4, wherein:

the first connector includes a joint which can fit in the
bracket.

6. A fuel injection apparatus according to claim 2, wherein:

the fuel injector is provided in such a manner that the
electronic connector is placed on a side or an opposite
side of the rail body with respect to an axis of the exten-
sion portion.

7. A fuel injection apparatus according to claim 3, wherein:

the fuel injector is provided in such a manner that the
electronic connector is placed on a side of the rail body
with respect to the axis of the extension portion; and

the wire harness includes a protection tube that covers the
lead wire and that is formed by an elastic material.

8. A fuel injection apparatus according to claim 2, wherein:

the first connector, which is tubular shaped, is provided in
such a manner that an axis of the first connector is
oblique to an axis of the extension portion.

9. A fuel injection apparatus according to claim 2, further

comprising:
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a fixation portion, which is fixed on the internal combus-
tion engine, integrally formed with at least one of the
protrusion portion and the extension portion.

10. A fuel rail according to claim 1, further comprising:

a fixation portion, which is fixed on the internal combus-
tion engine, integrally formed with at least one of the
protrusion portion and the extension portion.

11. A fuel rail according to claim 1, further comprising:

a bracket provided on a side opposite to the rail body with
respect to the protrusion portions.

12. A fuel rail according to claim 1, wherein:

the connecting portion includes a groove portion.

13. A fuel rail according to claim 1, wherein:

the extension portion has an axial length greater than a
distance between the protrusion portions adjacent to
each other.

14. A fuel injection apparatus according to claim 9,

wherein:

the fuel injector includes a clip provided in an end portion
of the housing adjacent to the connecting portion, the
clip being pressed by the housing and the connecting
portion in a case where the fixation portion is fixed on the
internal combustion engine so as to (i) bias the housing
toward the internal combustion engine and (ii) bias the
connecting portion in an axial direction of the extension
portion opposite to the internal combustion engine.

15. A fuel injection apparatus according to claim 14,

wherein:

the connecting portion includes a groove portion, and the
clip includes a rotation prevention portion engaged with
the groove portion.

#* #* #* #* #*



